INTERNAL rotation of the foetal head occupies a position very similar to many other questions with which we are constantly brought into contact in our daily routine. It occurs with such ease and in association with circumstances of apparently such an easily definable nature, that it seems at first sight almost querulous to look for any but a selfevident explanation. The more one studies the subject the more one finds, however, that it is by no means self-evident.
In the first place, there can be no doubt about the fact that the soft parts of the pelvic canal have an intimate bearing on the process. This is shown by the experiment of Dubois, who opened the uterus of a woman, who died shortly after her confinement, and placed the feetus in the birth canal in the occipito-posterior position. On forcing it down it was found that forward rotation had occurred, and delivery took place with the occiput directed to the front. This was found to be the case in three trials; at the fourth, however, rotation failed and the head was born with the occiput behind. By employing a larger head, however, rotation was again seen to occur. The same thing was demonstrated by Edgar, who screwed a swivel into the foetal head and, by attaching to this a length of cord, was able to drag the head through the pelvis of a woman who had been confined a short time before. The occiput invariably rotated forwards, even from the posterior position, until the pelvic canal began to lose its resistance, when the forward movement failed. These two sets of similar experiments demonstrate that the elastic resistance of the structures of the pelvis is necessary for the forward movement of the occiput, and that when these become stretched and relaxed the process is arrested. The fact, however, that a larger head will exhibit the process in the stretched canal suggests that a close fit between head and canal is the essential.
The pelvic canal during labour may be considered to be a curved cylinder. Before labour the walls of this cylinder, except in its upper level, where it is occupied by the head, are in contact and, in their descent, the foetal parts continually and gradually displace the tissues on each side, so that just after the birth of the head the potential cylinder has become a curved canal of more or less uniform diameter.
FORWARD ROTATION OF THE HEAD IN OCCIPITO-POSTERIOR
POSITION. Any explanation of rotation of the fcetal head must account for the remarkable process by which, in most cases, there is obviated the dangerous jamming of the head, which is apt to occur in occipitoposterior cases where the position remains unaltered. As the mechanism of the whole process is best explained by a consideration of these cases, I shall discuss them in the first place.
The principles underlying the change will be conveniently and lucidly brought before the mind by the contemplation of a simple mechanical model. When a firm cylindrical body of suitable size, which closely fits a curved cylindrical canal, be forced along this canal, it is made to continually alter its position. This is due to the fact that the lower end is carried more and.more forward by the posterior wall of the canal as the body descends, or, more accurately, the body descends because of the forward wheeling of its lower end. If the mobile cylinder does not fit the canal but moves freely in this, then, if it be placed obliquely, and if it be too large to escape " side on " it is clear that, if it be pressed downwards, descent will occur only if its oblique axis be made to come into a line more parallel with that of the canal. This will readily happen, for the backward pressure of the anterior wall of the canal above, and the forward pressure of the posterior wall below, will, by tilting the two ends, readjust the axis of the movable body as descent takes place.
If now we can imagine the same body placed in the same oblique manner with its two ends mesial in position but fixed to a rod which passes down in the canal and is jointed to the upper surface of the cylinder, it is clear that the backward acting force above and the forward acting force below will now be of no avail in readjusting the cylinder's axis if the fixing r.od be held tightly in its place. Place it so that, instead of occupying a mesial position with regard to the canal, it comes to deviate to one or other side and occupy a diagonal position; the pressure along the fixing rod, which all the time is held in the same position relative to the canal, will find a response in an altering of the axis and a descent of the cylinder, for now the pressure of the walls of the canal acting on the two ends will rotate the body, and this rotation will become greater and greater as the descent occurs. This rotation depends upon the existence of pressure in opposite directions at the two ends which are eccentrically placed with respect to the fixing rod. Rotation will occur round the axis of the rod. In fact, just in proportion as the rotation occurs the axis of the solid cylinder will move more nearly parallel to the axis of the canal, which we have seen is necessary for descent. . This will take place to a degree strictly corresponding to the extent of the rotatory movement. The eccentric forces acting on the ends of the cylinder will be greater or smaller according as the force acting along the rod is greater or smaller. During these experiments it is assumed that the fixing rod is held in a uniform position with regard to the sides of the canal; if not, and it is allowed to move to and fro, the solid body will simply correspond to the nobile cylinder in the first experiment. The truth of these descriptions anyone can convince himself of in a few minutes by the employmnent of a simple working model, such as I have described.
A resemblance will be noted at once between this model and the foetal head in the pelvis. Fundamentally the analogy is complete, as I hope to demonstrate. The head of the foetus miiay be described as a cylindrical body which is joined to the neck and whose long axis extends between chin and occiput. The cylindrical shape of the head becomes especially manifest during labour by the moulding in response to the pressure of the maternal passages which diminishes the transverse diameters and lengthens the longitudinal. The larger the labour and the greater the pressure to which the head is subjected, the nearer does the head approximate to a complete cylinder. Movement of this cylinder at the atlanto-axial joint is ordinarily free, but in the pelvis the latitude of this movement beconmes restricted by the position which the head is made to assume. Where the head lies in the pelvis, as it does under ordinary circumstances, in the flexed position, the first action of the encircling walls of the canal in the presence of the downward propelling force must be to tilt the cylinder as nearly as possible parallel to the long axis of the canal. So long as the head is placed so that its " side-on " position prevents any descent, this tendency will manifest itself, and will only cease when the limit to which it can occur has been reached.
I shall discuss again more fully what this action means in the case of the occipito-anterior positions. In the meantime, it is clear that in the posterior occipital position it must nlean an increase in the flexion, and this will continue till it is prevented by the chin coming against the chest wall. We now have the head occupying a position similar to that of the cylinder obliquely and diagonally placed in the canal. It is a cylindrical body, the upper pole of which, in the ordinary condition, is lying to the left of the middle line in relation to the -left side of the upper pelvic wall, and the lower pole of which is placed against the posterior wall of the canal at a considerably lower level. The exact position of the lower pole will be discussed later. As in the imaginary cylinder referred to, the two poles will be constrained to move, the upper in a backward direction, the lower in a forward direction, by the influence of the walls of the canal. In other words, the foetal cylinder is being acted upon in a way exactly similar to that which results in an increase in the flexion. The forces are the same, and a clear realization of this fact helps one to understand the mechanism of rotation. In each case the solid cylinder in its attempt to pass along the curved cylindrical canal is being forced to tilt so as to bring its axis parallel to that of the canal.
When flexion has accomplished what it can in altering the axis in the necessary manner, the obliquely and diagonally placed head will correspond to the imaginary cylinder which we have considered. The two ends are placed eccentrically and the pressure on the ends acting, the one forward and the other backward, will tend to rotate the head round the axis of the cranio-cervical line. The rotation will permit of descent to a corresponding degree. But the process is not quite so easily described as at first sight it would appear to be. This I shall refer to immediately. In the meantime, it should be remarked that, whilst it is necessary in description to isolate in the mind the movements, the one from the other, this arrangement gives an appearance of sequence to alterations which are occurring synchronously. The rotation is associated at every movement with a corresponding descent and vice versa. The same is perhaps true of the flexion. It seems possible that there will be a certain amount of rotation of the head before the flexion is coinpleted. In such a case the change in position of the head would be the sum of three simultaneously occurring movements-namely, flexion, rotation, and descent. On the other hand, it may be that the force necessary to start the rotation may be greater than that necessary to complete the flexion. In such a case the flexion would be accomplished in an earlier stage of the labour, and not till stronger uterine effort sets in, with a corresponding increase in the forces acting eccentrically on the poles of the head, will rotation commence.
After the more or less abstract reasoning set forth in the previous pages had convinced me of the true nature of internal rotation, I saw that, determined as it was by simple mechanical laws, it should be subject to practical demonstration. If the rotation of the head is dependent upon the fact of a solid cylinder placed in a certain way in a curved cylindrical canal so thlat its movements are restricted except in certain directions, it seemed that by imitating these conditions the process should be demonstrable on a model. After several trials I have succeeded in preparing such a model.
The faetal head ( fig. 1 ) is represented by a firm body of a similar shape attached to a plate so that it is fixed in a position of flexion. In the metal support passing between the upper surface of the head and the plate there is a joint, which allows of only one movement-namely, rotation round .the axis of the rod. The rod is fixed to the base of the head at its centre. The plate is circular and, whilst being slightly under the diameter of the cylindrical tube to allow of its ready passage along the tube with the head, it has only very slight lateral movement, and, when fitted into the canal, it completes the analogy with the Model representing flexed fcetal head. In rod attaching head to circular plate there is joint permitting rotation. It will be seen that the greater part .f the head, when so flexed, is on the sincipital side of the line of rotation if we imagine this projected to the vertex. conditions in Nature. Its action corresponds to that of the neck and body of the foetus, which, passing into the pelvis alongside the head, restrict its movements. The curved cylindrical canal ( fig. 2 ) to represent the pelvis is made of tin, which is convenient because it can be easily moulded in two pieces round a wooden block cut out to a suitable shape and size. The head is of such a size that when placed in the canal with the chin in the middle line behind and the occiput below and to the front, it will pass along the canal with only a comparatively slight force from behind. When, then, the head is placed in the canal to correspond to the right occipito-posterior position it is found that, on being gradually forced along till it emerges at the other end, it has undergone a rotation so that the sinciput instead of being directed to the front is now behind. The occiput has rotated in a corresponding mnanner. The rotation is rarely quite complete, but I have discovered that the degree of completeness is, as one would expect, dependent upon the length of the curved canal, and, by having a canal of sufficient length to correspond to the pelvic cylinder, as continued forward by the expanded perineum and pelvic floor ( fig. 2 ), one can obtain complete or almost complete rotation. It should be remembered in this connexion that, in Nature, the rotation of the head is rarely quite complete.
FIG. 2.
Curved cylinder representing pelvic canal. The oblique Lline encircling it indicates the pelvic brim. The straight partl above this is necessary to receive the head.
By closely studying the working of the model we shall b.est understand what, I believe, are the causes underlying the process. The advantage of this will be apparent when I say that several of the points which before seemed almost hopelessly baffling have with the study of the model become clearer and clearer. By watching the descent of the head in the model, it is seen that the occipital end, to begin with, lies against the back wall of the cylinder on the right side, and that throughout it maintains the same relative position in the canal. In other words, there is no marked displacement occurring here during descent. If lines be drawn along the head to represent the sagittal and occipital sutures, the exact movements can be followed. It is noted that, with descent, the sagittal suture swings more and more transversely across the cylinder, and as the head emerges it is directed upwards, backwards, and to the left. Its lower end retains the same relative position to the right postero-lateral wall. At the same time, with descent, more and more of the occipital bone becomes directed towards the front. This corresponds to the change in Nature and which gives the movement its name. At the same time it is clear from the mlodel that this movement is very small in amplitude.
If the spot where the cranio-cervical line (the rod between head and plate) cuts the vertical surface of the head be marked it will be noted that there is little alteration in its position as descent occurs; at the end of the process, it is found to have retained its same interval from the mid-line. This is equivalent to the statement that the rotation is occurring round the cranio-cervical articulation. It will be noted that the movement with the greatest amplitude by far is the large sweep encompassed bv the anterior end of the head. At the same time it is easy to satisfy oneself that this part of the head is throughout subjected to considerable backward pressure.
If we now examine the flexed head we see what these movements mean ( fig. 1 ). We see that the part of the head in front of the craniocervical line is much greater than that behind it, so that any eccentric pressure will have much greater effect in producing rotation when it is exercised along the anterior or sincipital region than when it plays upon the occipital ends. This rotatory action is easy to understand when the head is lying in the occipito-posterior position. It corresponds to the mechanism which we have already discussed in the obliquely placed cylinder, by which the upper and lower ends are coerced to move, the one backwards and the other forwards, as descent occurs, in a readjusting of the long axis of the cylinder to the long axis of the canal. Fixed, as it is, by the cranio-cervical line and prevented from flexing by the pressure of the chin against the body, the only way in which this readjustment can occur in the case of the head is by rotation round the cranio-cervical joint. It should be carefully noted that the forwardly displacing force acting at the lower end when the head is placed in this way can be of only comparatively small importance in the process.
When, then, rotation occurs, descent to a corresponding extent takes place, and it is easy to see that the action as outlined here will be present until the chin rotates back to the side of the pelvis, but it is not so clear how it is that the rotation takes place after this point. In the first place, it will be noted that the more the occipital end rotates round, the less and less marked will the eccentric force at this part become. A glance at the model will show why this is. As the occiput comes more and more round, the eccentric portion of the head to the right of the cranio-cervical line leaves the back wall of the cylinder, and the part of the head immediately behind the line of rotation comes more and more to be the part resting against the wall, and therefore the part subjected to the forward tilting pressure. Very soon, in fact, the eccentric forward force at this end, which can throughout never be of great rotating value, ceases altogether. If rotation is to continue we must look to the sincipital end. There may, however, be a slight eccentric rotation force at the lower end exerted laterally by the canal walls. This will be referred to again. It can only occur after rotation has occurred to the extent of carrying the occiput so that it is directed obliquely forwards. As the head is grasped all round by the soft parts, it is unlikely that there can be any appreciable difference in the lateral pressures.
If we examine the mode.l we shall see that some region of the front part of the head is throughout closely opposed to the front wall of the canal and even when the sinciput itself has rotated to occupy a posterolateral position.
It will be noted that the curvilinear nature of the canal means that, every mnoment, no matter to what extent descent has occurred, the part of the head lying in relation to the front wall of the cylinder and on the sincipital aspect is firmly pressed against the wall of the canal. This it is which continues the backward rotation of the anterior end of the head, and conveyed to the hinder end, carries the occipital bone farther and farther to the front. No matter, as I have said, what the level of the canal reached by the descending head, so long as it is placed obliquely in the pelvis, so long will it be subjected to this eccentric force carrying back the sinciput. It will cease only when the sinciput and occiput lie one behind the other, that is, when the axis of the descending solid cylinder has completed its adjustment to the curved canal.
But here it mnay be asked, while it is admitted that there must be this backward pressure dependent upon the curved nature of the canal, can you be certain that it is always -eccentric? The answer to this is that, so long as the lower end of the head is placed against the back wall of the canal (and we kno-w that.it is so throughout), so long must it be the case that the obliquely placed head must come against the front of the canal wall eccentrically. This must be so, when the sinciput is directed forwards, and, when the sinciput rotates round to a posterior position, we have seen that the occipital end lies against the posterior wall approximately opposite the cranio-cervical line. This being so, the head sloping upwards and to the left from this region can touch the front wall (and touch it it must) only in an eccentric position. This position, where the side of the head touches the front wall, will be eccentric even were the lower end of the head to be placed mesially. The area of pressure will, doubtless, come progressively more nearly in front of the axis of rotation, but it will be eccentric so long as the head is obliquely and diagonally placed.
In the second place it may be objected that rotation backwards was only likely to occur to any extent when the head was completely flexed, and that flexion was determined by the-spine being behind and the chin being in front, but that now with the chin behind the same conditions do not necessarily hold.
This brings us to the subject of extension of the head, which, as I shall show, probably comnmences whenever the chin has rotated round to lie vertically behind the occiput. In the meantime it may be pointed out that extension can never release the head on the sincipital side of the cranio-cervical line from the eccentric pressure, for extension means simply another way by which the long axis of the head becomes tilted parallel to the axis of the cylinder. I have shown that the true interpretation of complete flexion of the head, where the chin is forward, is that it is not so much necessary before rotation can occur as that it is produced by the same factor as determines rotation. It occurs more easily than rotation, and, for this reason, it is completed comparatively early in the process, and even before rotation starts. The same argument, I believe, applies to extension. It provides, doubtless, an important and necessary means by which the tilting of the head into the pelvic axis occurs in the later stages, but its occurrence does not preclude the similar effect as obtained by rotation. As it was between flexion and rotation, which are in reality essentially similar and due to exactly the same cause, so it is between extension and rotation. Here, however, it is almost certain that the rotation is the easier process and that, in fact, the extension does not occur to any extent till the rotation is well in advance. Whilst it is usually stated that extension begins only when rotation is complete, I believe that this is not wholly true, and that extension must occur at a comparatively early stage in labour; but then it occurs, as it were, against odds.
Before leaving the question of internal rotation two other points must be referred to. The first is that, whilst during a considerable part of the process there is no alteration of the cranio-cervical line with regard to the back wall of the pelvis, when the chin rotates back there will be a sufficient displacement forwards of the lower part of the neck to allow the chin to align itself directly behind the occiput. At the end of the process the axial line will be nearer the symphysis pubis. The other point is the allocation-of the importance of the shape and the sdft, distensible nature of the maternal passages, and the anatomical configuration of the bony pelvis. The latter has often been credited with the supreme role in the process. The only way in which it could exercise any active influence is by virtue of the transverse narrowing of the cavity toward the pelvic, outlet. We have seen that the lower end of the head is placed against the back wall of the canal. The narrowing corresponds to the diameter passing between the ischia. As, however, the occipital end lies to the side of the middle line, and as we have to deal with a part of the head which is large in bulk, it is likely that some displacement does occur, but this will consist merely of a wholesale lifting of this pole nearer the middle line. It will occur only if the lateral deviation of the head makes the slightly " side-on" position, thus caused, interfere with delivery. Where the head is small or the bony outlet roomy this movement need not occur. There will be no rotatory action whatever, especially if, as is likely to be the case in a posterior occipital position; the occiput has not yet come forward at this level. As the rotation occurs whilst the upper end of the head is still comparatively high in the canal, it is obvious that this anatomical narrowing can have no influence in initiating the process which we have seen is determined largely and probably almost wholly by a swinging back of the sinciput.
With regard to the soft parts, it is no less difficult to put a proper valuation on the share they take. That the distensible, elastic nature of the maternal canal is important is proved by Dubois's and Edgar's experiments, to which attention was directed in an earlier part of the paper. From the description of the process, however, which I have 1.53
given, it will be recognized that it is the curve of the maternal canal which underlies the rotatory movement of the head. That such is the case is proved by my model, where the rotation takes place in the rigid, unyielding cylinder. This, taken in conjunction with the Dubois and Edgar experiments, shows that the elastic nature of the passages is not essential to the proess, but that in the natural condition it would seen to aid it in some way. It is impossible to believe that the actual rebound of the head from the distended walls, immediately after the cessation of the pain, can be responsible for the rotatory movement. We have seen that backward displacement of the sinciput occurs, whilst this is in a rigid part of the canal, and is in fact due to the unyielding nature of the wall. In addition, the region where the elastic recoil of the walls might conceivably aid the process-namely, in the occipital region-is just the region where any eccentric force thus called into play is acting at a disadvantage by virtue of the nearness of the eccentric part of the head to the line of rotation. I believe, moreover, that the rotation is initiated before the more yielding pelvic floor has been reached. Reference to a section of the pelvis shows that the posterior wall is so curved that it will carry forward the descending pole of the head, whilst the bony outline is complete, or almost so, behind. No, I believe that the chief imiportance of the continual elastic resistance offered by the soft parts to the head resides in the fact that it ensures that the foetal cylinder is always closely embraced by the walls and thus, throughout descent, the lower pole is kept constantly in firm contact with a curving slope. The narrowing of the canal in front of the occiput must mean that this curve is, as it were, always at a maximum. It will thus be seen that the soft parts are important in that they provide this continual forward tilt. The cessation of the rotatory movement in the later trials in Dubois's experiments is due to the fact that the passages had become relaxed, that there was no longer the tight fit between head and pelvis necessary for rotation. The same fact was brought out in the course of my own experiments. To begin with, I employed a block of wood covered with several thicknesses of wool for the foetal head. Whilst it was easy to ensure a tight fit by using a sufficient amount of wool, after forcing it along the canal several times it became compressed and diminished in bulk, with the result that rotation failed. Only by adding more wool was the rotatory movement restored.
It has been said that the soft parts, except by forming the curvilinear canal, have no specific purpose in producing rotation. The continual narrowing of the' canal, or rather the opening out of the walls, before the advancing head, means that the line of least resistance is always towards the centre of the canal. We have seen that this keeps the lower end of the head continually tilted forwards. It will act likewise by tilting the head laterally. We have shown how the descending pole lies, to begin with, to the side of the middle line. The configuration of the soft canal, like that of the bony canal, towards its outlet, will thus tend to lift the head bodily towards the mesial line and thus enable it to emerge "end on" and not partly "side on." This is, however, quite a different process from rotation, although it is continually confused with it. That this lateral pressure can have only little or no rotary movement added to it is clear from the extremely small amount of the head which is eccentric at this level. In addition, the head is grasped all round by the distending canal, and it is thus difficult to see how there can be any difference in the lateral pressures on the head. In the model this mesially displacing influence of the lower pole of the head is absent because of the absence of the natural conditions. This is the only respect in which the model differs from the pelvis, as it is, I believe, the only respect in which it fails to reproduce the natural mechanism.
THE FUNCTION OF THE PELVIC FLOOR.
From what has been said the function of the pelvic floor will be recognized. It has no specific importance in the process greater than that implied by the part it takes in the formation of the pelvic canal. The pelvic floor is essential to the process, but it is so only because it continues onwards the curve of the pelvic cylinder, and, by closely moulding itself to the descending pole of the head, continues the forward tilting influence to which this is subjected. I have stated before that the forward rotation of the head in all probability commences before the soft pelvic floor is reached by the descending head. In fact, if one were to give any part of the pelvic canal superior prominence in regard to the rotary movement, this position would be given to the anterior wall of the canal.
EXTENSION OF THE F(ETAL HEAD.
After what has been implied on previous pages, a few words are necessary by way of fuller explanation of the time when extension occurs. We have seen that, whilst the spine is behind and the chin is in front, the tilting of the sinciput and occiput in opposite directions will produce MH-19a flexion and internal rotation. As soon as the sinciput becomes displaced so far back that it lies vertically behind the cranio-cervical line, there is no reason why a tilting of the head at the articulation should not occur. To begin with, this will consist of a partly sideward displacement, but, with the chin behind the occiput, this must mean extension. I believe that this is the time when extension sets in and that it will become more and more manifest as the sinciput rotates farther and farther back. It will, however, be well in process before internal rotation is completed. The extension is due to the same tilting action and the sarne necessity imposed upon the descending head of arranging itself parallel to the axis of the canal.
We thus see that the mechanism of the descent of the foetal head is determined throughout by the same factor. Flexion, internal rotation. and extension are all due to the same causes. This consists in the force directed along the cranio-cervical line calling into existence pressure between the walls of the canal and the two poles of the head. The pressure thus applied is such that at any moment it allows of descent only in proportion as the head is tilted into the axis of the curved canal.
ABSENCE OF ROTATION WHERE FLEXION DEFICIENT.
From what has been said on preceding pages we shall now be able to understand why rotation fails when the head is forced along the pelvis in an insufficiently flexed state. We have seen that the rotation is dependent upon the fact that the head is placed obliquely along the pelvis, and such that its sinciput is distinctly at a higher level than the occiput. Only then can the poles be brought under the influence of the tilting forces, which act eccentrically. The nature of a curved canal is such that if the one end of a cylindrical body is descending in relation to the posterior forwardly sloping wall, the other end, if placed distinctly higher and the body be too big to escape in the oblique position, comes against the wall in front at a region where it slopes backwards. If the body lie in the pelvic canal with the two ends at the same level, there can never be eccentrically acting forces called into play by a downward force directed at right angles to the axis of the cylinder. The more nearly the ends are placed -at the same level the less will be rotatory action, which, within limits, increases in proportion with the distance in the vertical level between the two ends.
CASE OF BACKWARD ROTATION OF THE OCCIPUT WITH AN
EXTENDED HEAD.
The model of the head used in the experiments might as readily be considered to correspond to an extended as to a flexed head. In this case the lower end would correspond to the sinciput. It is clear that if such were the case the rotation would be such as invariably to carry the occiput backwards. In this case the description of the process would be more accurate than that given to the ordinary rotation, for we have seen that it is the rotation backwards of the upper end which dominates the mechanism, and not a rotation forwards of the occiput. This to a large extent is determined by the backward sincipital movement.
ABSENCE OF ROTATION IN THE CONTRACTED PELVIS.
We have seen that where the fit between head and pelvis is not sufficiently firm, internal rotation is apt to fail. We have seen that this may be due, as in Dubois's and Edgar's experiments, to an increasing stretching and relaxation of the walls of the pelvic canal, or, as in mv first experiments, to a compression and diminution in bulk of the feetal head. This was the case when the head in the model was originally made of compressible material. The rotation may, on the other hand, fail where the head is relatively too large for the pelvis. This is'apt to be the case in the small pelvis. Here, although flexion is well marked, rotation may fail. It may fail, indeed, because of the extreme flexion, for the more vertically placed the head is in the pelvis the less eccentric will the sinciput be, and the less will the rotary influence be called into play. Combined with this there will be great lateral friction between head and pelvis because of the tight jamming, and this will render the gliding movement associated with rotation difficult. In such a case the lateral pressure will tend rather to produce increasing moulding of the head, and this it is which will enable descent, if the head is not so big as to render this impossible.
EXPLANATION OF ROTATION IN FACE AND BROW CASES.
The model can be applied to these cases, and in each case will explain how the rotation occurs, the lower end being taken to represent the presenting part.
INTERNAL ROTATION IN BREECH CASES.
The explanation of rotation which I have given is equally applicable to breech cases. To understand the forward rotation of the lower buttock in these cases, it is necessary to recognize that, whilst rotation at a joint occurs during the process in head presentations, it is in no way essential. In head cases, as we have seen, the movement of the head round a longitudinal axis is associated with a true rotation of the head on the trunk, though even here there is something more, for it has been pointed out that there is a continually increasing approximation of the neck to the front wall of the pelvis. Though no doubt rendering the movement easier, the joint is so little necessary to the process that it would occur even if the head were firmly ankylosed to the trunk. The forces causing the movement would remain unaltered, and carrying forward the lower pole and backward the upper pole, they would simply cause a wholesale downward gliding of the head and body and a rotation round an imaginary longitudinal axis. The movement of the head would be identical to the rotation as ordinarily present. The sinciput, or any other eccentrically placed region of the head, would move in a spiral fashion as before.
The application of the same principles to the breech case will at once show that, where the buttocks are placed so that one is in relation to the pelvic wall at a lower level than the other, and the transverse diameter of the body lies in an oblique diameter of the pelvis, a similar spiral gliding movement will take place as descent takes place. For then the propelling force from above will call into play the eccentrically acting forces. The part of the body against the front wall of the pelvis will, with descent, be constrained to move backwards, and the buttock against the posterior wall and below will move forwards. If this buttock lies, as it will almost necessarily do, near the line of rotation, because of the oblique position of the body, the forward acting force will be only slightly eccentric or not at all so. Then the rotation will, as in the case of the head, be determined largely by the backward displacement of the upper buttock and the adjacent part of the back.
DISCUSSION OF PREVIOUS EXPLANATIONS OF INTERNAL ROTATION.
I have purposely reversed the usual order adopted in a contribution of such a nature as this. It is customary for the author to set out, to begin with, the work of previous investigators. I have adopted the present arrangement because, in the first place, the difficulties associated with the acceptation of previous explanations are sufficiently given in the text-books on midwifery and in previous papers, and, in the second place, because any criticism I have to offer will be bound up with some of the errors in description, the nature of which has been implied in the preceding pages.
The literature of the subject has been fully discussed by other writers. Among recent papers, perhaps the best and most complete in this respect is that of Paramore. For this reason I feel it unnecessary to cover the same ground, and I shall limit the criticism to the theories associated with the names of Schroeder and Olshausen, Sellheim, and Paramore. The explanations based upon the supposed presence of the inclined planes of tfie pelvis, upon the so-called perineal gutter, which directs the occiput forwards, &c., I have sufficiently referred to in the course of my paper.
Olshausen and Schroeder's Theory.
According to these authors, the rotation of the head is initiated by the rotation of the back of the child forwards, as the uterus becomes flattened during its contraction and retraction. The child moves so that the transverse axis of the body falls into the transverse axis of the flattening uterus. Bumm believes that the projection forwards of the vertebral column prevents the back, when this lies posteriorly, from rotating backwards, and even causes it to move continually farther and farther forwards. This rotation of the trunk transferred to the head explains the anterior rotation of the head in occipito-posterior cases. Olshausen, while believing that the rotation of the body initiates the rotation of the head, states that it does not explain everything, for he has found that the head rotates more quickly than the body. He therefore calls to his aid, to complete the explanation, the pelvic floor, and endows it with the directing influence so often associated with it, and which I have attempted to show does not exist in the specific manner ordinarily described.
Against the conception that the movement of the body has any important bearing on the rotation of the head may be urged the fact that the configuration of the pelvic canal dominates the process, for it is such that, unless the head adjusts itself to the pelvic diameters, jamming is inevitable where the fit is close. This is demonstrated in two different and convincing ways. In the first place, during delivery of the head with forceps it is often easy to recognize that the descent is accoimpanied by a continually increasing rotation. In an occipito-posterior case especially, it is often noted that only after vigorous traction is any impression made on the head, and in its descent a continually increasing forward movement occurs. This I have noticed in those cases where the delivery was being conducted under the impression that it was a normally lying head, and where the rotation, through a large circle, was the first intimation of the posterior position of the occiput. (As is well known, it is difficult in many cases to recognize the lie of the head after moulding and the caput formation have obscured sutures and fontanelles.) It is impossible to believe in such a case that it is the retraction of the uterus which is responsible for the process, for it is present even where the uterine contractions are feeble, and to move a head so tightly grasped by the pelvis a very considerable force is requisite, a much greater force than is represented by the uterine effort. In fact, it is not till the traction on the head supplements this vis a terqo that the descent and the rotation occur.
In this connexion also it is -well recognized that the rotation is most apt to occur in those cases where the fit between head and pelvis is tight, whereas if the head movement were secondary to the rotation of the body it should occur most readily where the head is small, which, as we know, is not the case. That the configuration of the pelvic canal determines the process is shown, in the second place, by the experiments of Dubois and Edgar, which are referred to in an earlier part of this paper. These show that the forcing of the head through the pelvic canal it is that determines the rotation, for it takes place after death when the uterus is laid open, and where the rotation of the body by the uterine effort is absent.
Finally, Olshausen has admitted that the structures of the pelvic canal are necessary for, and play an active part in, the process. This being so, and it having been demonstrated that the canal can start and complete the process, the rotation of the body at once is thrown into a secondary position in any explanation of the movement unless we are prepared to admit that the same results can be obtained by two widely divergent factors.
Sellheim's Theory.
According to this author, the rotation is determined by the fact that, if a cylindrical body of unequal flexibility in different regions be forced along a curved cylindrical canal which it fits closely, it will rotate till the cylinder is so placed that the bending necessary for its passage along the canal occurs in the readiest manner. How this law is supposed to operate is seen by a study of the foetal head. Sellheim, by measuring the flexibility of the head in different directions after birth, showed that the head could be bent backwards more readily than in any other direction. Not only so, but when the head is flexed, the extensor muscles of the neck are thrown on the stretch, and continually tend to draw the head into the extended position. The greater the flexion, the greater will this extending force be. Sellheim has prepared a model incorporating these ideas. The pelvic canal is represented by a curved elastic cylinder, and the. head by a suitably shaped and sized solid object, which moves in all directions on the block representing the body. By means of springs, which reproduce the hypothetical action of the extensor muscles of the neck, the head continually tends to spring into the extended position when it is flexed. When forced along the curved canal, rotation is obtained. This, according to Sellheim, is determined by the occiput being forced against the pelvic canal, and, in the attempt of the head to extend, an eccentrically acting pressure is called into existence, which, at the elbow of the canal, rotates the head forwards.
This, I believe, is the first mechanical model to reproduce rotation; but does the explanation given by Sellheim necessarily account for it ? In the first place it may be pointed out that the existence of the springs in no way affects the essential mechanism of the process. The configuration of the canal in itself must tend to tilt the lower end forwards as descent occurs. The springs, doubtless, by virtue of their effort to straighten out the head, will mean an added forward tendency in the shape of the recoil of the occiput from the wall of the canal, which their presence implies, but they can in no way bring into being a new force of rotation. This being so, the same movement should be possible where they are absent, and that this is so I have shown by means of my model. Sellheim's model works not because of its complexity but in spite of it. It gives rotation because it reproduces the two essentials-the flexed head, which fits the canal tightly and which rotates round a longitudinal axis, and, in the second place, the curved canal. I believe, moreover, that the account of the process which I have given on preceding pages will apply equally to Sellheim's model as to my own. The rotatory movement in both is determined largely by the eccentric backward pressure called into play by the anterior wall of the canal continually constraining the part of the head lying uppermost-i.e., the part on the sincipital aspect of the axis of rotation-to move backwards to allow of descent. The forward tilting force below, whilst aiding the process, is probably only eccentric to a small degree.
As Paramore has pointed out, it is impossible to conceive that the comparatively very feeble muscles of the neck and back of the child can produce an action such as would correspond in any degree to that of the springs in Sellheim's model. Especially is this so in view of the fact that, as Dubois's and Edgar's experiments prove, the rotation can be reproduced after the death of the child.
Paramore's Theory.
According to this the rotation is determined by the fact that the pelvic floor presents a marked resistance to the lower pole of the head. As it is " pinned against the pelvic floor by the force from above" and, as the line round which rotation occurs passes through the vertex, the rotatory movement is not determined by any force acting at the lower pole. In occipito-posterior positions the sinciput lies against the front wall and is eccentric. The force from above will thus call into play a force moving the sinciput backwards, and this will be possible because at the upper levels of the pelvis the transverse diameter is wider than the oblique. After the forehead has moved into the transverse diameter the continuation of the movement of this region of the head backwards is determined by " a lesser resistance between the side of the head facing the sacrum and the posterior parts of the pelvis than exists between the forehead and the lateral pelvic wall."
In so far as it emphasized the importance of the upper pole of the head I believe that Paramore's theory was the first to approximate in description and interpretation to the truth. That the pelvic floor should be endowed with the property of fixing the vertex, which Paramore emphasizes as important to his theory, seems to me to be non-essential. In any case, the fact that the rotation is reproduced in a rigid canal, which can act only by continually carrying onwards and forwards the lower pole, shows that any such specific action of the pelvic floor is unnecessary. The same may be said with regard to the other part of the theory which gives a place of prominence to the inequality in the pelvic diameter towards the brim. It is clear that the rotation backwards of the sinciput imnplies in no way the necessity of any greater space than it has just left. Here again the movement is reproduced in the rigid canal of my model, where the diameters are intentionally made uniform throughout.
DISCUSSION.
The PRESIDENT (Dr. Amand Routh) thanked Dr. Young for coming from Edinburgh to demonstrate hisviews on this important question. Members of the Section well remembered the valuable paper read by Dr. Young in 1910 on the uterine mucosa, and his views on the action of the chorionic cells had since then been almost universally adopted. He hoped that those who had strong views on the subject now before them would join in the discussion.
Dr. W. S. A. GRIFFITH congratulated Dr. Young on the admirable demonstration of the act of rotation which he had given, and pointed out that any theory which applied to rotation of the head must be also equally applicable to the shoulders and breech. There were clearly three factors necessary for rotation: (1) Sufficient driving power; (2) reasonable relation in point of size between the part of the child which had to rotate and the channel through which it had to pass; (3) a sufficient resistance to the passage of the fcetus. If either of these three were absent rotation would usually fail. The resistance in the model was chiefly that of friction, which was reduced to a minimum in an actual birth. He criticized Dr. Paramore's view that rotation was due to the shape of the brim and not to resistance in the pelvic cavity. Dr. Paramore used two arguments in support of this, neither of which Dr. Griffith was prepared to accept 'as true-viz.: (1) That the available space transversely at the brim of the pelvis in labour was considerably greater than that anteroposteriorly, the psoas and iliacus muscles in action, as a matter of fact, greatly diminishing the available space transversely; (2) that rotation did not take place in the so-called small round pelvis. Dr. Griffith knew no evidence of this so long as the size of the fcetus corresponded with the size of the pelvis, as it usually did in the races where the so-called small round pelvis was the normal for that race.
Dr. R. H. PARAMORE said lhe wished to thank Dr. Young for bringing this interesting and at first sight somewhat difficult question of the cause of the internal rotation of the fetal head before the Section. Some four years ago Dr. Paramore had worked this problem out for himself, and was glad to find Dr. Young, who had kindly referredT to his paper, agreed in two important particulars with his conclusions. These were that the presenting part of the head in the process of descent and extension, and as rotation was occurring, retained its mesial position in the curved axis of the birth canal; and that the forehead, being the part of the head most distant from the cranio-axial line through which the pressure from above was transmitted, and so coming into closer relationship with the limiting wall of the pelvis than other parts of the head, was the part which was affected most by the resistance of the pelvic walls and the part which determined rotation. Dr. Paramore believed he was the first to show that the forehead played this prominent part in rotation; that rotation was caused, not by the occiput being circumferentially pressed forwards, but by the forehead being circumferentially pressed backwards. But whilst Dr. Young and he were agreed on these points, they differed as to the part played by the pelvic floor and the shape of the pelvis. Dr. Young believed the pelvic floor played no part in the rotation except in so far as it continued the curved course of the birth canal; and thought the curvature of the course through the pelvis was the only reason (as far as the pelvis was concerned) that rotation occurred. Dr. Paramore took quite a different view. He thought the pelvic floor, by resisting the advance of the foetal head, caused the part presenting to be more or less fixed mesially (that is, prevented it moving laterally) ; and that owing to its continued resistance it maintained this part centrally as descent, rotation and extension simultaneously occurred. The vertex being thus maintained in the median plane of the pelvic outlet, the continuance of the pains thrust it against the pelvic floor, which deflected it anteriorly towards the pelvic floor aperture and pubic arch; and in occipitoposterior positions, in true vertex cases, in which the forehead -*as therefore at a much higher level and opposed to the ascending pubic ramus, the forehead was thus pressed more and more against the antero-lateral part of the pelvic wall in the region of the brim. Owing to the fact that in normal cases the transverse diameter of the brim is greater than the antero-posterior, tangential forces came into play, and caused the forehead to glide into the larger transverse diameter. This lateral movement of the forehead permitted the vertex to be impelled more forwards into the pelvic floor aperture, so that with it descent occurred and the forehead itself came lower in the pelvis. But as the outlet was reached the antero-posterior diameter of the pelvis increased, whilst the transverse diminished. The continued thrust forwards (extension) of the vertex by the obliquely inclined pelvic floor, now bulging downwards, prevented the forehead from returning from the lateral into an anterior position, but caused, by similar tangential forces, that it should turn towards the hollow of the sacrum. The part played by the pelvic floor was clear; by maintaining the vertex medianly it maintained the eccentric position of the forehead and caused it to come into pressure relation with the pelvic walls. That the shape of the pelvis played this part Dr. Paramore thought was shown by the fact that rotation did not occur in the small round pelvis in which the transverse diameter especially was narrowed; and he understood it did not do so in the kyphotic pelvis. He thought Dubois's and Edgar's experiments showed that the pelvic floor played the part imputed to it, because after the first few times that the head in the experiments referred to had been thrust or pulled through the pelvis, rotation failed to occur. He was at a loss to understand why rotation should not have occurred if it was only due to the curved course of the pelvic canal, for the bony part, to which Dr. Young attributed so much importance, certainly remained intact. In reply to Dr. Griffith, Dr. Paramore said, though it was true the psoas muscles did encroach upon the transverse diameter of the pelvic brim, the contention that their contraction could prevent the forehead coming into pressure relation with the bony wall, especially antero-laterally, as in vertex cases with the occiput posterior, could not be maintained. Even though the muscles were contracted, they could be displaced laterally, especially when we remembered the fcetus was being thrust downwards by powerful uterine contractions, plus the violent expulsive movemnents caused by the thoracic diaphragm and abdominal wall.
It was well known that in some cases the head, even when not flexed, entered the pelvis with its long diameter in the transverse diameter of the brim. In these cases Dr. Griffith's contention, if sound, would also apply; but it was obvious the psoas muscles did not prevent the entry of the head in these cases.
To the other criticism of Dr. Griffith, Dr. Paramore said internal rotation was not a sine qua non of childbirth. Delivery could take place without it, and the only reason obstetricians wanted the occiput to come anterior was that the head might pass through the pelvic floor aperture and the subjacent perineal and vulvar tissues, with its smallest diameters, so that the smallest injury possible might be sustained by these structures.
Dr. JAMES YOUNG, in the first place, thanked the President for the kind reference he had made to his work. With regard to Dr. Griffith's criticism, he agreed that any explanation of internal rotation must succeed in explaining the rotation in face, brow, and breech cases. He submitted that his explanation and working model not only did not fail to account for the movement in such cases, as Dr. Griffith stated, but that they actually showed in a way which no other method did the cause of the rotatory movement in each instance. In all there was an obliquely and diagonally placed presenting part. The lower surface was against the posterior wall and the upper aspect of the obliquely lying presenting part lay against the anterior wall at a higher level. Whilst the tilting influence at the lower end carried this pole forwards, that at the upper pole carried this backwards. As these poles were eccentrically placed the only movement possible when descent occurred was a rotation round a vertical axis. In the case of the breech this movement was a movement of the whole body round an imaginary axis. In fact, rotation at a joint, which was possible and easy as far as the head was concerned, was not essential to the movement at all. A clear understanding of this fact was necessary before the true nature of rotation could be grasped. The model demonstrated thle necessity of a rotatory movement where the presenting part, be it head or breech, was so placed that the regions where the fcetus touched and were pressed against the pelvis were below and behind and above and in front. Unless the long axis of the presenting part coincided with the long axis of the canat the tilting forces were bound to be eccentric. Dr. Paramore's criticism was very much a restatement of his own theory. Dr. Young believed that, whilst at first sight it might be supposed that the larger transverse measurement at the brim had an important bearing in permitting the backward gliding of the chin or upper part of the presenting part, it could certainly not account for the rotation when the head lay at a lower level, and, especially after the chin, &c., lay behind the transverse diameter. His own explanation had the advantage of showing that, no matter at what level the presenting part lay in the pelvis, so long as rotation was incomplete there would always be a part against the front wall of the canal which was eccentric and which would be pressed farther and farther round during descent, resulting in the increased rotation. Finally, Dr. Young maintained that his model fully demonstrated the truth of his explanation, for, after all, it was an experimental confirmation of abstract reasoning. He submitted that comprising, as it did, the two essentials present in labour, a flexed head and a curved canal, and exhibiting, as it did, a rotation of the head when forced along the canal, it must reproduce the essential features of the rotatory movement. If he had done no more he was perfectly satisfied.
